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EFFECT OF AN AUXILIARY BELLY FUEL TANK ON THE LOW-
SPEED STATIC STABILITY CHARACTERISTICS OF A 1/5-SCAIE
MODEL OF THE GRUMMAN XF8F-) AIRPLANE
TED NO. NACA 2384

By Charles B. Coock
SUMMARY

In order to determine the aercdymsnic effects of an auxiliary
belly fuel bank on the Grumman FEF-1 airplane, & wind-turmmsl investi-
gation wes made on & 1/5-scale model of the Grumman XFSF-1 airpleme.
Pitch and yaw tests were mede with the model in the cruising end
landing configurations for windmilling and teke-off vower condi-
tions. Tuft studies end static-pressure measurements were also
made to determine the flow characteristics in the region of the
fuel tank,

It was found that, at low speed, the auxiliary fuel tank
slightly improved the stetlc longitudinel stebility in most of the
tesat condltions, especlally with power on in the landing configura-
tion at high 1ift coefficienta. The static dirsctlonal stebility
was decreased for most test conditions, but the addition of a
falring between the fuselage and fuel tank lmproved the directional
stability slightly in the power-on clean condition. The effective
dihedral aend lateral force were increased for most of the conditions
tested. The tuft studies and pressure meesurements indicetsd that
the removal of the sway braces would lmprove the flow character-
istics considerably in the reglon of the fuel tenk end might also
decrease the buffeting of the belly tank at high speeds.
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At the request of the Bureau of Aeronautics, wind-tunnel tests
were made to determins the effect of an exbternal belly tank on the
static sbability cheracteristics of a 1/5-scale model of the
Grimman XFSF-1 alrplane.

The need for increasing the range of the present-day airplane
hag necessitated carrylng a portion of the fuel in euxiliary tanks
ingtalled on the exterior of the alrplene. ©Such Installations,
in some cases, have hed detrimental effects on the flying qualities
of the alrplans.

This paper pregents the results of low-speed static longl-
tudinal and lateral stability tests, fuel-tank pressure-distrlibution
measurements and tuft studles to obtaln the effect of a
universal externsl belly tank and belly-tark fairing on the sta-
bility characteristice of a 1/5-scale model of the Grurmen XFEF-1
alrplane. ‘

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coef-
flcients of forces and mowents, Rolling-, yawing-, and pitching-
moment coefflclents are given about the centsr-of-gravity location
shown in Pigure 1 (2L.64 percent of the mean aerodynsmic chord).

The data are referred to the stabllity axes, whilch are a system of
axes having thelr origin at the center of gravity and in which the
Z-axls 1s in the plane of symmetry and perpendicular to the relabive
wind, the X-axis 1s in the plene of symmetry and perpendlcular to
the Z-axis, and the Y-axie ls perpendicular to the plane of symmetry.
The positive directions of the stability axes, of angular displace-
menty of the alrplane and control surfaces are shown in fligure 2.

The coefflclents and symbols are defined asg follows:

Cr, 11ft coefficient (Lift/qgS)
Cy - longitudinal-force coefficient (X/gS)
Cy lateral-force coefficlent (¥/qS)

Cy rolling-moment coefficient (L/gSh)
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and

pitching-moment coefficient (M/qSct)
yawing-moment coefficient (N/gSb)
offective thrust coefficient baged on wing area (Teff /q_s)

~Z

forces along axes, pounds

moments ebout exes, pound-feet

propeller effective thrust, pounds

fres-gtream dynemlc pressure, pounds per squars foob E?)

slipetream dynamic pressure, pounds per square foob

gtatic pressure at survey shatlon

free-patream static pressure

wing area (9.76 sq £t on model)

horizontal tail area (2.06 sq £t on model)

wilng mean aerodynsmlc chord (M.A.C.) (1.460 £t on model)
wing span (7.10 £+t on model)

alr velocity, feeb psr second

propeller dlemeter (2.52 £t on model}

mass denslty of air, slugs per cubic foob

angle of attack of thrust lins, degrees
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r engle of yaw, degrees

i'b angle of stabllizer with respect to thrust line, degrees;
positive when trailing edge is down

ie angle of fin with respect to thrust line, degrees; positive
vwhen nose of fin moves to right (-2° on model)

5] control-surface deflectlion, degrees

B8 propeller blade angls at 0.75 radius (20° on model)

I, tail-off asrodynamic-center location, percent wing mean
asrodynemlic chord

o, neubral-point location, percent wing mean aerodynamic chord
(center-of-gravity location for neutral stability in
trimmed £1ight)

Subscripts:

& elevator

r rudder

flap
r denoctes partial derlvatives of a coefflclent with respsct

oy
to yaw {example: CZ\V = g{b—

MODEL: AND APPARATUS

The model was an old model of the Grummen XFGF-1 alrplane on
which previous tests had been run. A three-view drawing of the
medel with the belly tank installed ls glven In figure 1, and
figure 3 shows the model installed in the tunnel. A more ccmplete
degcrlption of the model can be found in references 1 and 2.

The belly tank was a 1/5-scale model of the "Universal
150 gallon tank that is used on numerous other airplanes, and was
a symmetrlical streamline body with a length of 26,40 inches and a
maximm diameter of L4.73 inches. The fairing between the belly
tank and fuselage wes a symmetrical ailrfoll section with a maximum
thickness of 16.4 percent of the chord at the 38.4 percent chord
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point based on an average chord of 1%.6 inches. The sway braces
were made from l/ll--inch-éiametar tubing. Debtails of the belly tank
and sway braces are shown on figure k., Figure 5 shows the belly-
tank fairing installetlon.

The flow in the region of the belly tank was observed by means
of tufts placed around the entire beily tank end on the underside
of the fuselage. For the belly tenk with falring tests, tufts were
also placed over the entire falring,

The pressure survey on the belly tenk and on the underside of
the fuselage in the vicinilty of the belly tank wes obbtained by the
use of 0,035-inch-dismeter stabtlc-pressure tubes placed approximately
one tube dismeter away from end parallol to the surface. Only one
station (distence from nose of tank) was surveyed at & timo after
which all the tubes were moveod back to the next station. The loca-
tion of the static-pressvre tubos is shown in figure 6.

All tests were made with propeller installed, the powor being
obtailned from a 56-horscpower eleoctric motor,. the specd of vaich
was dctermined from an olectric bachometer tho accuracy of which is
within 0.2 percont.

The modol was tested in the Langley T- by 10-foot tumnel.
The model configurations referred to in the toxt end in tho figuwres
wore as follows:

(2) Cruising configuration

Flaps retracted
Landing gesr retracted
Landing-gear door closed

{(b) Landing configwration

Flaps deflected 40°
Landing gesr sextendsd
Landing-gear dcor cpen

o restriction was placed upon the flow of air from the wing
Inlet ducts through the sxit openings for a1l the stebility tests.
For the pressure-survey tests the flow of air from the wing inlet
ducts was sealed off af the oil-cooler exit openings to make the
test results more general. Because of time limitstions no pressurs
survey tests were run with the flow of air from the wing inlet
ducts unsealed &t the 01l cooler.
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TESTS AND RESULTS

Test Conditions

The tests wore made atdynamic pressures of 6.39, 9.21,
and 16.37 pounds per square foot, which correspond to airspeeds of
about 50, 60, and 80 miles per hour. The test Reynolds numbers
were about 680,000, 820,000, and 1,090,000 based on the wing mean
aerodynamic chord of 1.46 feet. Because of the turbulence factor
of 1.6 for the tunnel, the effective Reynolds numbers (for maximum
117t coefficients) were about 1,090,000, 1,310,000, and 1,750,000.

Correctlons

Because of the presence of the belly tank, the model was
tosted in an Inverted positlion. Wone of the data have been
corrected for tares caused by the model support strub., dJet-
boundary corrections have only been applied to the angles of attack
and the drag coefficients. The following correction were added to
the test datat

N = 5T7.3 SW% Cr, (Gegrees)

S
Mg = -8, = cr2
vhere
Sw Jet-boundary correction factor at the wing (O.]_'L5)
C tunnel cross-sectional area (69.59 sq %)

Tegt Procedure

The model was equipped with a propeller heving three blades
instead of four as on the full-scale airplane. A complete descrip-
tion of the propeller plan form, propeller calibratlon, end the
varlatlion of effective thrust coefficient with 1ift coefficlent can
be foumd in reference 1, '
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The longitudinal-stebility data presented herein were obtalned
throughout the pitch range with tall off and with two stabllizer
settings for each of the two model configwrations.

Lateral-stability derivatives were obtained fram pltch tests
&t angles of yaw of 15° by assumling & straight-line varlation
between these points. The large-symbol points on the plots of
lateral-gtabllity derlvatives were obtaeined by measuring slopes
through zero yaw from yaw teste.

At each angle of attack for power-on yaw tests the propsller
spesd was held consgtant throughout the yaw range. Since the 1ift
and thrust coefficlents vary with yaw when the propeller speed
and angle of attack are held constant, the thrust coefficient is
gtrictly correct only at zero yaw.

All the tuft tests weore made in the cruising configuration
at an angloe of abtack corresponding to en airplane 11f% coeffi-
cient of 0.250.

The pressure tests on the belly tank were made in the cruising
-configureation for a take-off power conditlon. The prossurc tests
were made with the belly-tank sway braces off at 1ift coefficlents
of 0,250, 0.365, 0.450, and angles of yaw of 0° and +5°. The
pressure tosts with the sway braces on woro made at a 1ift coof-
ficient of 0.250 and at zero yaw. Upon completion of the prossure
tests the data obtained from tube No. 5 appeared to be erratic and
unreliable and consequently are not presented in the report.

All the tests were made wlth the model inverted and since no
tares were applled the data are valid only insofar as Incremsnts
are concerned, The signs of all coefficients and angles are
presented so that the dsta may be epplied to the airplane in the
usual sense. (See fig. 2.)

All the stebility tests were run in pairs, one with the belly

tank Installed and one with the 'belly tank removed. The allerons,
rudder, and elevators were set at 0° for all tests.

Presentation of Results

An oubline of the figures presenting the resulits is given
as follows:
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Flgure
I. Longitudinal stabllity
A. Stabilizer tests, elevator © . ... e e e e e e
B. Increment in neutral point and aerody'namc
center caused by Belly tank . . « + « & « ¢ ¢ ¢ « & &

IT. Lateral stability
A, Parametoers
1, Effect of belly tank and belly-tank
fairing, crulsing configuration . . . e e e« 9

2, Effect of belly tank, landing configuration . . 10
IIT. Pressure survey
A, Bffect of sway braces, 11f% coefficient

and angle of FAW . ¢« . v ¢ ¢ v o o e e s o e o s o 12

DISCUSSION

Longitudinal Stabllity

The effect of the belly tank on the statlc longitudinal sta-
bility of the model, with windmilling propeller or take-off power
is to increase the longitudinal stability a slight amount for the
crulsing configuration (fig. 8). For the landing configuration the
effect of the belly tank is to decrease slightly the longitudinal
stabllity at low 1ift coefficients and to Increase slightly the
longitudinal stebility at high 1ift coelfficiente.

The increment in serocdynamic-center location owlng to the
belly tank (fig. 8) indicates that the tank causes little change
In the alr flow at the horilzontal tall surfaces.

It should be noted that the pitching-moment coofficients have
been referred to the tank-off cenber-of-gravity location in order
to obtain the aerodynemic effect of the tank. Tho tests indicated
that the fuel tank would not change the neutral-point location
more than 3 percent of the mean aserodynamic chord in either a
forward or rearward direction, The presence of a full belly tank
will ghlft the neubral-point location with take-off power rearward
approximately 3 porcent of the mean aerodynamic chord. This is
based on calculations taking into account the thrust of the pro-
poller and the vertical shift of the centor-of-gravity location
caussd by the full belly tank.
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Lateral Stability

The effect of an exbternal belly tank and belly-tank faliring
on the lateral-stability puramweters ls given in Tfigures 9 and 10
and sumaarized in table I, The tank-off stability paremeters % s

an, and szy presented in table I were taken from reference 2

where the Jet-bourndary and tare corrections were applled to the
data and the teil swrfaces installed on the model. The lncrements
in the lateral stebility vpsramesters resvliing from the belly tank
and belly-tenk fairing presented in this teble were obtalned from
present test daba with the tail surfaces removed. The effect of
removing the tall surfaces, st small angiles of yaw, on the incre-
mental valuwes of Cy, Cp, and C3 cau3ed by tho belly tank are

negligible (fig. 11). Thus the tohtal lateral-stebility parameters
obtained by adding the tail-on parameters (from rcference 2) to the
tail-off increments resulting from the belly tank and belly-tank
fairing are Justified,

Directional stability.- The data with windmilliing propeller
ghow that the belly Tank mroduced & positive Increment In Cn-q, at

high 1ift coefficients reduclng to zero at low 1ift coefficients for
the cruising configuration (fig. 9{a)) and higher positive incre-
ments in Cpy for the lending configmration (fig. 10(e)). The
addltlon of the belly-tank fairing had no effect on an with the

model In the cruising configuration (the only configuration which
”Ehe belly-tank fairing was btested) with windmilling propeller
fig. 9(a)). . -

The data with take-off power indicaste that the belly teank had
no appreciable effect on Cp, with the model in the landing con-
Piguration (fig. 10(b)); howéfver, in the cruising configurastion
the belly tank caused a glight positive increment in Cny at

low 1ift coefficlents and ‘saging more positively at higher
11ft coefficients (fig. 10(b § The addition of the belly-tank

fairing improved the dlrectional stability of the model for the
cruising configuration and take-off power condition (fig. 10(b}).

Effective dihedral.- The efféctive- dihedral (Cz¢ = 0.0002 is

approximately equivalent to 1° effoctive dilhedral) was incressed
about 3/4° by the addition of the belly tank for both the cruising
and landing configurations in the windmilling condition (figs. 9(a)
and 10(a)). The addition of the fairing Increased the effective
dihedral even more at high 1ift coefficients in the cruising con-
figuration (the only configuration in which the Falring was bested)
and windmilliing condition (fig. 9(a)). The probable reason for the
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increase in effectlive dihedral is that the belly tank and falring
increases the depth of the fuselage or effectlvely ralses the wing
position., Tt is well kmown that ralsing the wving will result in
increased effective dihedral (reference 3).

The belly tank had no approclable effect on Cz\,, with the

model in the landing configuration with take-off pover (fig. 10(b)).
Tn the cruising configuration with bteke-off power the belly tank
decreased the effective dihedral. No logical reason can be given
for this decrease in eoffective dihedral except that it might de due
to soms sdverse flow conditlon resulbting from the slipstream, Tho
addition of the belly-tank fairing in the crulsing coni'iguration
with take-off power increased the effective dlhedral,

Tateral force.- The belly tank produced a positive increase
in the lateral-force perameter for all the condltions tested
(figs 9, 10, and 11). The reason for this increase in the lateral-
force parame'ber is sslfevident in that wlth an increase in side
area would be expected to increase the lateral force. The addition
of the fairing 4id not affect the lateral-force paremeier.

Alr.-Flow Studies

Tuft tests with tank falring and sway braces on and propeller
windmilling indiceted turbulent flow in the reglon from the mid-
point of the belly-tank fairing to the end of the fairing while the
reglon from the midpoint of the falring to the nose of the falring
slightly turbulent flow was indlcested. The flow was wnsteady on
the belly tank in the reglon botweon the center line of the tank
and edge of the belly-tavk fairing. Tho tako-off powor condition
showed a slight improvement in the alxr flow.

The windmllling conditlon with the belly-tenk fairing removed

disclosed that the region of the belly tank and fuselage aft of the

rear gway braces was in a turbulent flow condition, This turbulent

flow condltion accompanied by buffetling of the fuel tank was also

obtained in some wnpublished NACA f£light tuft teste of an FOF alr-

plane with a similar installation., The air flow on the sides of

the belly tank including the area between the belly-tank center

line @nd the rear away brace to the end of the tank was in a

slightly turbulent flow condition., Applying take-off power had a

8light improving effect on the air-flow characteristics. v
For the windmllling condition with the falring on end sway

braces removed the tufts in the reglon from the midpoint of the

fairing to the end of the fairing indicated a slightly turbulent
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flow condltion. Applica":.ion of take-off power d4ld not change the
flow cheracteristics.

The tuft tests with the belly-tank fairing removed and the
sway braces removed indiceted a smooth flow condition on the belly
tank and in the region between the belly tank and the underside of
the fuselage.

It should be noted that the tests were made at low values of
Reynolds nwmber and Mach number. Some of the adverse flow caused
by the sway braces coulé probably be avoided by using streamline
rather than round sectlons In the sway traces. This in turn might
alsgo reduce some of the buffeting of the belly tank.

Pressure Distribution

The results of the pressure-distribution survey are presented
In Pigure 12 as pressure coefficlient plotted against the orifice
location for various 1lift coefficleunts and asngles of ¥aw with the
belly-tank sway braces installed and removed.

From the known local low-speed pressure .coefficients given
in figure 12 the flight Mach mumber at which local sonic speed will
be reached on the belly tank can be estimated by means of the
von Kermin-Tsien method presented in reference k. Strictly speaking
these curves should not be used for estimating the criticael Mach
number because the pressurc coefficlent is based on a free-stream
dynamic pressure rather than a slipstream dynamic pressure in which
the tank was located. By using free-stream dynemic presswro instead
of slipstream dynemic pressure an luncrease of sbout 5 percent is
obtained in calculating the pressure coefficient, which in turn
gives a corresponding decrease in the critical Mach mmber in +the
order of 5 percent. TFor convenience in converting the free-stream
pressure coefficlent to glipstream pressure coefficlent the ratio
of glipstream dynemic pressure to freo-strean dynsmic pressure is
glven on flgure 12. The ratio of slipstream dynsmic pressure %o
freoe-streem dynemic pressure was based on readings fram a botal-head
tube placed at the nose of the tank. It 1s Polt with the nmimber of
stations at which the static pressure was mezsured and the falring
of the curves that the use of the curves presented in Pigure 12
is Justified in predicting spproximate critical spesds.

The greatest effect of removing the sway braces, shown in
flgure 12(c), was to decrease the pressure coefficlent fram -1.13
to -0.09, corresponding to an increase. in the critical Mach mumber
from 0.57 to 0.89. The critical Mech mmber of 0.57 obtained from
the low-speed pressure measurements agrees surprisingly woll wlth the
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Mach number of 0,59 obbained from NACA flight tests in which
turbulent flow and violent buffeting were encountered. It should be
pointed out that this correlation might be fortultous gince critical-
speod egtimations made from low-speed date by use of reference k

for bodies having high sharp pressure peaks, as was the casc when
the sway braces wore installed, may be greatly in error. The steep
sdversge pressgure gradlent which occurs after the high peak may cause
boundary-layor separation before the critical Mach number is reached,
vhich 1s Indlcated in this case by the tuft studles.

The critical Mach number estimation from the date with sway
braces removed should be less fortuitous since the pressure survey
indicated low broad proessure peaks and smooth flow 1is indicated
from the tuft tests.

CONCLUSIONS

The results of low-gpeced wind-tunnel tostas to determine the
effoct of an auxiliary bolly fuel .tank on the stablllity character-
letics of a 1/5-scale modol of the Grumman XFSF-1 alrplaene indicate
the following conclusions:

1. For a fixed center-of-gravity location the belly tank
glightly increased the longltudinal stability of the model with
windmilling and take-off power for the cruising configuration. The
longltudinal stebllity was decreased slightly at low 1ift coeffi.-
cients and increased at high 11ft coefficients with the belly tank
Installed snd the model in the landing configuratlon for both wind-
mitling and take-off power conditlons.

2. The directlonal stablllity wes decreased by lnstalling the
belly tank for both cruising aend landing configurations with the
propeller windmilling, The belly tank had no appreclable effect
on the directlional stability in the landing configuration and
take-off power condition, but in the cruising configuration the
dlrectional stability was decreased at hlgh 1ift coefficients.

3. The addltion of the belly-tank fairing improved the dlrec-
tional stability for the power-on clean condltions.

L, The effective dihedral of the model was increascd by the
belly tank and bolly-tank failring in aell conditions tested cxcept
the take-off power condition with tho model in the crulsing con-
figuration. .
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5. The lateral force was Increased with the belly tank on
the model for all test conditions.

6. The tuft studies indicated that the presence of the sway
braces caused turbulent Tlow conditions, the addition of a relatively
thick fairing between The fuselage and belly tank causmed little
improvement 1ln the flow, and the spplication of take-off power
caused a slight improvement in the flow.

T. The sway braces caused high shary pezks in the pressure
dlstributlon around the 'banl«:_.

Langley Memorlal Aeronaubical Laboratory
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FIGURE LEGENDS

Figure 1.- Three-view drawing of 1/5-scale model of Grummsn IFSF-1,

Figure 2,- System of axes and control-surface hinge momsnts and
deflections. Positive valuss of forces, moments, and angles
are indicated by arrows.

Figure 3.- Lengley T- by 10-foot tunmel installation of -%L -scale

model of Grumman XF8&F-1 airplans with model of 150-gallon
universal external fuel tank.

(a) Belly tank and -sway breaces.

Figure 3.- .Concluded.

(b) Belly tank, sway braces, and fairing.

Figure L.- Installation details of belly tenk and sway braces.

Flgure 5.- Belly-tank fairing instellsation.

Figure 6.- Sectlon looking rearward at pressure tubes on external
belly tank and umderside of fuselage on & 1/5-scale model of
a Grummen XF8F-1 ailrplane.

Figure T.- Effsct of external bdelly tank on the eerodynamic
characteristics in piteh of s l/‘j—scale model of a Grummen XF&F-1
airpleane.

(a) Windmilling, cruising configuration.
Flgure 7.- Continued.
(b) Teke-off power, crulsing configuration.
Figure 7.- Continued.
{c) Windmilling, landing configuration.
Figure T.- Concluded. :
(&) Teke-off powsr, landing configuration.
Figure 8.- Increment in nmeutral point and aerodynemic center dus to

belly tenk for a 1/5-scale model of the Grummen XF8F-1 airplane,
elevator fixed and tail off.
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FIGURE LEGENDS - Continued

Pigure 9.- Effect of external'bélly tank and belly tenk fairing on
the parsmeters C Cnv end C,, of a 1/5-scale model of a
Grumman XFEF-1 a.ir tail o:f'%LLr )

(a) Windmilling,-cruising configuration.
Flgure 9.~ Concluded.
(b ) Take-off power, cruising configuration.
Figure 10.- Effect of external belly tenk on the parameters OC, v

Cp,, end ny of a 1/5-scale model of & Grummsn ZF8F-1 airplene,
tell off.

(2) Windmilling, landing configuration.

Figure 10.- Concluded.

(v) Teke-off power, landing configuration.

Figure 11. ; Effect of external belly tank on the serodynemic
characteristics in yaw of a 1/5-scale model of & Grumman XFSF-1
airplare.

(2) Windmilling, cruising config\ﬁation, o & 11.2°,

Figure 11.- Continued.

(e) Concluded.

Figure 11.- Continued.

(b) Take-off power, cruising configuration, o = 2.2°.
Figure 11.- Continued

(b) Concluded.
Figure 11.- Continued.

(c) Take-off power crulsing configuration, o = 11,0°.

Figure 11l.- Continued.

(¢) Concluded.
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Figure

Figure

Figure

Figure

Figure

Flgure

11.-
()
11.-

(a)
11.-

(e)

11.-

(e)
11.-

(e)

12.-

LéHe1 @ E— 3

FIGURE LEGENDS - Continued

Continued.

Windmilling, lending configuration, o £ 11.7°.
Continued.

Concluded.

Continued.

Take-off power, landing configuration, o = 10.0°.
Continued.

Continued.

Concluded.

Concluded.

Bffect of sway breces, 1ift coefficlent end angle of

yaw on the pressure coefficient on an exbternal belly tank
mounted on & 1/5-scale model of a Grummen XFE8F-1 sirplene. Take-
off power (21C0 hp at 2800 rpm), cruising conditlon; taill off.

Figure

Figure

Figure

Figure

Figure

(a)

12.-

(v)

12.-

(c)

l2.-

(a)

12, -

(e}

12, -

(£)

Pressurse tube no. 1.
Continuned.
Pressure tube no. 2.
Continusd.
Pressure tube no. 3.
Continued.
Pressure tube no. k.
Continued.
Pressure tubs no. 5.
Continued.

Pressure tube no. 6.
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FIGURE LEGENDS - Concluded

Figure 12.- Continued.

(g) Pressure tube no. 7.
Figure 12.- Continued.

(n) Pressure tube no. 8.
Figure 12.- Continued.

(1) Pressure tube no. 9.
Figure 12.- Continued.

(3) Pressure tube no. 10.
Pigure 12.- Continued.

(k) Pressure ‘tube no. 11l.
Figure 12.- Continued.

(1) Pressure tube no. 12,
Pigure 12.- Continuved.

(m) Pressure tube no. 13.
Figure 12.- Continued.

(n) Pressure tube no. 1.
Figure 12.- Concluded.

(o) Preseurs tube no. 15.
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Figure 2.- System of axes and control-surface hinge moments and

deflections. Positive values of forces, moments, and angles
are indicated by arrows.
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{a) Belly tank and sway hraeés.

Pigure 3.~ Langley 7- by 10-foot tunnsel ingtallation of —%—~scale medel of

Grumman XFSF~1 airplane with model of 160-gallon universel external fuel tank.
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{b) Belly tank, sway braces, and falring.

Figure 3.~ Concluded.
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V Belly~tank fairing

Underside of fuselage
— [ [ l‘ g

Belly tank

R—position of max.

<—B5p]l—> thickness of

fairing

14.60 (Ienqth of avg. chord)

=

~< 1475 —ee
< RB.35
< 3035
~<—— Forward
OO

Figure 5.~ Belly-tank fairing installation .

NATIONAL ADVISORY
COMMITTEE FoR AERONAUTICS

*oN WY YOVN

T2H91

ased
.o
{




NACA RM No. L6H21

m
Underside of fuselage

Belly tank

I
& Belly tank and fuselage

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 6. — Section looking rearward at
pressure tubes on €xternal belly
tank dnd underside of fuselage
on a Ys-scale model of a
Grumman XF8F-1 airplane.
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